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Context: This white paper is a summary of the photo-z training needs described in the 
Snowmass White Paper Spectroscopic Needs for Imaging Dark Energy Experiments by Newman 
et al., available at http://arxiv.org/abs/1309.5384.  That white paper focuses on estimating the 
amount of spectroscopic redshift data required to enable photometric redshift (photo-z) 
measurements with future imaging dark energy surveys.  It divides the applications of 
spectroscopy into training, i.e., the use of spectroscopic redshifts to improve algorithms and 
reduce photo-z errors; and calibration, i.e., the accurate characterization of biases and 
uncertainties in photo-z’s,  which  is  critical  for  dark  energy  inference.    We  summarize  here  the  
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conclusions from that white paper relevant to the training of LSST photometric redshifts; a 
separate white paper (Schmidt et al.) focuses on calibration needs.  We refer the reader to the 
Snowmass white paper for all references. 
 
Training of photometric redshifts constitutes the use of samples with known z to develop or 
refine algorithms, and hence to reduce the random errors on individual photometric redshift 
estimates. The larger and more complete the training set is, the smaller the RMS error in photo-z 
estimates should be, increasing LSST’s constraining power.  For instance, LSST delivers photo-
z’s  with  an  RMS  error  of  σz = 0.02(1+z) for i<25.3 galaxies in simulations with perfect template 
knowledge and realistic photometric errors, whereas photo-z’s  in actual samples of similar S/N 
have delivered σz ∼ 0.05(1+z). With a perfect training set of galaxy redshifts, we could achieve 
the system-limited performance; this would improve the DETF figure of merit from LSST 
lensing+BAO studies by ∼25%, with much larger impact on some extragalactic science (e.g., the 
identification of galaxy clusters).  Better photometric redshift training will improve almost all 
LSST extragalactic science, and hence address a wide variety of decadal science goals. 
 
Basic Requirements: A minimum of 30,000 spectra (ideally ~105) spanning the full range of 
properties of LSST samples are required to accurately characterize objects in both the core and 
outlier regions of the photo-z error distribution. To mitigate the effects of sample/cosmic 
variance, these observations must span a minimum of 15 widely-separated fields that are at least 
~20 arcminutes in diameter.   
 
The exposure times required with existing telescopes are long.  To obtain projections, we assume 
that the secure redshift success rate is a function only of spectral signal-to-noise ratio, and 
extrapolate from the DEEP2 Galaxy Redshift Survey.  We find that ~100 hours of on-sky time 
with the DEIMOS spectrograph on Keck would be needed to obtain redshifts for ~75% of targets 
on a mask down to the i=25.3 magnitude limit of LSST weak lensing samples, while achieving 
~90% secure redshift rates would require ~600 hours before overheads.  In order to enable 
optimal LSST photo-z training in months rather than years, wider fields (as compared to 
DEIMOS), high multiplexing, and large telescope apertures are necessary.    
 
We note that while these secure redshift rates may sound discouragingly low, statistically 
complete spectroscopy and perfect training are not absolutely needed, as any biases due to 
incomplete spec-z samples can be characterized via cross-correlation methods (see the 
companion white paper by Schmidt et al.).  However, all new spec-z's provide additional 
information about galaxy SEDs and colors, improving algorithms and reducing the scatter in 
photo-z estimates about their true values.  Our primary goal is to maximize the impact of the set 
of objects that may be used for training photo-z’s  given  the  constraints  of  scarce  telescope  time. 
 
Given these requirements, we now respond to specific questions from the committee: 
 
Q1.  What O/IR capabilities are you using, are you planning to use, and will you need 
through the LSST era? The required survey time would be minimized by utilizing a multi-
object spectrograph with a field of view at least 20 arcmin in diameter and a multiplex factor of 
at least 2000 on as large a telescope as possible.  In order to maintain a high rate of secure 
4 
redshift identifications at z>1, the spectrograph must have sufficient resolution to split the [OII] 
3727 Å doublet, requiring spectral resolution (R=λ/Δλ) ≿ 4000.  Ideally, it should provide 
wavelength coverage and good sky subtraction or OH suppression well into the near-infrared in 
order to maximize the fraction of objects with secure redshift measurements; lacking those 
capabilities, infrared spectroscopy from space would be highly valuable. 
 
The most efficient US-based options for this would be the GMACS spectrograph with the 
MANIFEST fiber feed for the Giant Magellan Telescope or WFOS on the Thirty Meter 
Telescope.  GMACS/MANIFEST could collect a 75% (90%) complete training sample down to 
i=25.3 (the LSST lensing limit) in as little as 5 months (2.6 years) depending upon final design; 
however, the fiber feed and wide-field capabilities that allow this efficiency will not be available 
at first light. The lower field of view and multiplexing of TMT/WFOS are limiting factors; it 
could collect a 75% (90%) complete training sample for LSST in around 2 years (11 years).  For 
comparison, Subaru/PFS could obtain a 75% (90%) complete sample in roughly 1 year (7 years); 
given that smaller fields of view than PFS are needed for this work, it is likely that a survey 
speed similar to this could be obtained with new instrumentation on Gemini.   
 
Q2.  Do you have access to the O/IR capabilities you currently need to conduct your 
research? None of the currently-planned options for LSST training surveys are within the 
federal O/IR system.  Hence, our access to this spectroscopy is a major open question.  We 
expect that it could most efficiently be obtained by partnering with non-federal facilities to 
conduct surveys which simultaneously will enable photo-z training and a wide variety of 
spectroscopic galaxy evolution science.  A well-designed survey could do both and be of 
common  interest  for  both  LSST’s  and  these  telescopes’  user  communities.    We  note  that the 
importance of funding for LSST training surveys was highlighted in the US High Energy 
Physics  community’s  Snowmass  report (http://arxiv.org/abs/1401.6085) and reiterated in the 
follow-up P5 report; as a result there may be non-NSF resources that could be leveraged.   
 
Q3.  Comment on the need for the U.S. community's access to non-­‐‑ federal O/IR facilities 
up to 30 meters in size: Almost all options for LSST training surveys would rely on telescopes 
outside the federal O/IR system.  Hence, this access is critical.   
 
Q10.  What types of scientific and observing coordination among the various NSF 
telescopes (including Gemini and LSST) and non-federal facilities are the most important 
for making scientific progress in the next 10-15 years?  How can such coordination best be 
facilitated? Photometric redshift training is generally of limited interest to TACs, but it impacts 
a huge variety of extragalactic science.  In order to ensure that the spectroscopy needed for LSST 
science will be obtained, it will be important for synergies between photo-z training and other 
planned surveys to be identified and leveraged.  Assembling a sufficient dataset without 
impacting any single facility too severely will require communication and coordination of plans 
amongst all the large surveys to be conducted with each next-generation facility, both internally 
and between facilities. 
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Time on the largest telescopes will be a precious and highly sought-after resource.  It is in the 
interest of the community that maximum use be made of this time; options for parallel 
observations or the automated addition of targets to utilize unused fibers  in  users’  configurations 
are worth considering, and could benefit this work, as LSST photo-z training targets would be 
available over a full 20,000 square degrees of sky.   
